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Abstract

Peste des Petits ruminants’ virus (PPRV) is a notifiable transboundary and economically significant viral dis-
ease that affects goats and sheep. The current study was conducted to identify the seroprevalences of PPRV in
goat farm in Marsa-Matroh province, Egypt during an outbreak in 2022. Moreover, this work aims to study
the relevant risk factors directly related to the virus infection and attempt molecular characterization and
phylogenetic analysis of the circulating strain. The samples included 356 sera, 154 nasal swabs, and 10 tissue
samples were collected for PPRV screening and molecular characterization. The seroprevalence percent was
found of 42.69%. It was observed that the prevalence rate, and case-fatality rate were higher under 6 months
of age than in adults, and referring to sex, females had a more significant disease incidence than males. Based
on phylogenetic analysis; the strains of the current study: PPR/AHRI-Matrouh1/Egy/2022 (accession number:
OP881991) and PPR/AHRI-Matrouh2/Egy/2022 (accession number: OP881992) were identified as PPRV lin-
eage IV, with 99.2% and 98.8% identity to the Ethiopian strain (Accession number MK571524) and Sudanese
strain (Accession no HQ131931) respectively. An efficient PPR vaccination program with rigorous quarantine
measures at the borders is advised to be implemented in the country to control the spread of the disease and
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INTRODUCTION

Peste des Petits ruminants’ virus (PPRV) is a highly contagious
viral disease that infects both domestic and wild small ruminants
and has an economic impact on agricultural sustainability in en-
demic regions (Mahapatra et al, 2021). Currently, PPR is clas-
sified as a significant transboundary and notifiable disease that
poses an emerging or re-emerging concern in several countries
around the world due to the risk of fast spread and the resulting
limitations on international trade in animals and animal products
(Ahaduzzaman, 2020; Mulumba-Mfumu et al., 2021).

PPR is a rinderpest-like illness that affects goats and sheep.
It is also known as ovine rinderpest, goat plague, a plague of
small ruminants, or Kata (Dubie et al.,, 2022). PPR severity is char-
acterized as per acute, acute, subacute, or subclinical based on
the disease’s viral virulence and predisposing variables. The most
frequent type of PPR is the acute type; it causes high fever, ulcers
in the mouth with secretions, nasal discharges, pneumonia, se-
vere diarrhea, and death in some cases. In epidemic regions, the
morbidity rate of PPR is estimated to be 10%- 90%, with a fatality
rate of 50%-90% (Wagdy et al., 2018; Alemu et al., 2019; Ahmed
etal, 2021). Goats were reported to show more severe symptoms
and outbreaks than sheep (Nafea et al, 2019). It has also been
reported that subclinical forms of the disease may develop in
other large ruminants (cattle and buffalo) and pigs, which play

avoid the entry of novel strains into the Egyptian governorates.
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an essential role in disease propagation and circulation (Nafea
etal, 2019).

The virus is classified as family paramyxoviridae, subfamily
Orthoparamyxovirinae, genus Morbillivirus (ICTV, 2018). The vi-
rus has enveloped with non-segmented, negative sense and sin-
gle-stranded RNA of about 15,948 nucleotides in length (Chard
et al., 2008). PPR viral genome has six genes that encode for six
structural PPRV proteins (the nucleoprotein (N), the phosphopro-
tein (P), the matrix protein (M), the fusion protein (F), the haem-
agglutinin protein (H), and the large polymerase protein (L)) and
two non-structural proteins, V and C (Munir et al., 2012).

The disease transmission occurs through aerosol by close
contact between infected and vulnerable animals, and it sheds
after a short time of infection. Aerosols transmitted via nuzzling
and licking between infected and susceptible animals, as well as
oral routes or contact with infected animals’ fluids and excre-
tions, are considered primary transmission modes (Fournié et al,,
2018; Halecker et al., 2020).

PPRV has been identified as a significant concern, with over
one billion small ruminants in Africa and Asia at risk of infection.
It was recorded for the first time in western Africa on the Ivory
Coast (Ahmed et al., 2021). The virus has recently become wide-
spread in Africa and specific areas of Asia and poses a threat to
other continents like Europe (Parida et al,, 2016). Based on the
phylogenetic analysis of nucleoprotein (NP) and fusion genes (F)
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sequence analysis for particular geographical regions, PPRV has
been classified into four genetically distinct lineages (I-1V) (Dilli
et al, 2011). The four lineages have historically been dispersed
geographically as follows: lineages | and Il were found in western
and central Africa; lineage Ill was located in eastern Africa and the
southern Middle east; and lineage IV was spread throughout the
Middle East and southern Asia (Ahmed et al., 2021).

Concerning the recent global movement towards preventing,
controlling, and eradicating PPR, there is a crucial need to raise
global awareness about the disease benefiting from the regu-
lations outlined in the national feedback platforms (FAO, 2015).
Considering this, it is evident that there are considerable gaps in
knowledge concerning the epidemiology of PPR in Egypt. These
gaps include the following questions: 1. what is the extent of
the disease perpetuation among the susceptible domesticated
hosts? 2. What are the lineages of the viruses circulating among
the susceptible animals, goats, as a model? 3. And finally, what
are the possible factors influencing the disease to perpetuate
among these animals?

Since PPR is on the World Organization for Animal Health
(OIE) list of notifiable diseases and is currently a global threat to
the animal industry, it needs more attention. The setbacks men-
tioned earlier observed in Egypt, coupled with the animal species
existing in the country, the rearing pattern practiced in the coun-
try with the absence of regular vaccination records, have pro-
moted the authors to conduct this cross sectional besides retro-
spective investigation about the prevalence of the disease, which
is probably, the first in Egypt. Also, to analyze the risk factors
related to PPRV control development and implementation, then
perform molecular characterization and phylogenetic analysis of
the current circulating strain of PPRV.

Answers given to the previously raised questions would ex-
pect to offer baseline data on the disease and help establish ef-
fective, sustainable preventive and control programs.

MATERIALS AND METHODS

Ethics statement

The Local Ethics Committee of animal experiments at the Ani-
mal Health Research Institute (AHRI), Agriculture Research Center
(ARC), Egypt, has approved the sample collection in this study
following institutional, national, and international guidelines with
protocol number ARC-AHRI-23-04.

Samples collection and preparation

A suspected outbreak of PPRV was investigated in a goat
farm in Marsa-Matroh province, Egypt, in 2022. The flock was
non-vaccinated and animals were suffered from clinical signs
suspected to be PPRV infection as diarrhea, dullness, nasal dis-
charge, fever, and salivation.

Sera samples

A total number of 356 blood samples were collected through
this study. The collected samples included 145 males, and 211
females, with ages ranged from less than six months (n= 102)
and between 2-3 years old (n=254). The samples were collected
from the jugular vein in clean, dry centrifugal tubes, left to clot,
and then centrifuged at 4°C at 3000 rpm for 10 minutes. The clear
serum was obtained by using sterile Pasteur pipettes and placed
in Eppendorf tubes, labeled, and stored at -20°C to be used for
PPRV antibodies detection using the ELISA test.
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Nasal swab samples

A total number of 154 nasal swab samples were collected
from animals with clinical signs suspected to PPRV infection. For-
ty-four samples were collected from young animals between 1-6
months of age, and 110 samples were collected from adult ani-
mals whose ages ranged between 2-3 years old. The samples in-
cluded 63 males and 91 females. The nasal swabs were collected
by inserting a sterile swab deeply into the cavity. The cotton area
of the swab was separated gently from the swab stick using ster-
ile forceps and scissors. The swab was put into a sterile Eppendorf
tube with 1.5mL of sterile phosphate buffer saline (PBS; 0.01M
pH 7.4). The swab was ultimately squeezed in the PBS and centri-
fuged at 10,000 RPM for 3-5 minutes at 4°C. The supernatant was
collected and stored at -70°C till further analysis.

Tissue samples

Intestine, and lung tissue were collected post-mortem from
10 animals that were suffered from clinical signs suspected to
PPRV infection.

The samples were prepared by making 10% homogenate
of infected tissues in sterile phosphate-buffered saline (PBS;
0.01M pH 7.4) (w/v). Then, the suspension was centrifuged at
10,000RPM for 5 minutes at 4°C in a 1.5mL Eppendorf tube, and
the supernatant was collected and stored at -70°C till further
analysis.

Detection of PPRV antibody

The prepared sera samples were tested for the presence of
anti-PPRV nucleoprotein (NP) antibodies using ID Screen® PPRV
competitive ELISA kit (IDvet, rue Louis Pasteur, Grabels, France)
according to the manufacturer’s instruction (Libeau et al., 1995).

Detection of PPRV antigen

Nasal swab samples were tested for the detection of PPRV
antigen by using ID Screan® antigen capture ELISA kit according
to the manufacturer's instruction (Abubakar et al., 2011). This ELI-
SA is a sandwich ELISA assay that uses an Anti-PPRV NP as cap-
ture antibodies and an anti-PPRV-NP monoclonal-HRP antibody
as detecting antibodies.

Molecular detection of PPRV
RNA extraction

Total RNA was extracted from all collected tissue samples (10)
using the QlAamp viral RNA Mini kit (Qiagen, Germany, GmbH).
Briefly, 140 pl of the sample suspension was incubated with 560
pl of AVL lysis buffer and 5.6 pl of carrier RNA at room tempera-
ture for 10 min. After incubation, 560 ul of 100% ethanol was
added to the lysate. The sample was then washed and centri-
fuged following the manufacturer's recommendations. Nucleic
acid was eluted with the kit's 60 pl of elution buffer.

PCR amplification

The PCR protocol used in the current study to amplify 351
bp of the Nucleo-protein (NP) gene of PPRV in all tissue sam-
ples, as previously described by Kgotlele et al. (2014). A 25 pl
reaction volume was prepared as fellow: 12.5 pl of Quanti-tect
probe RT-PCR buffer (Qiagen, Gmbh), 1 ul of forward primer
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(5'-TCTCGAAATCGCCTCACAGACTG -3'), and 1 pl of reverse prim-
er (5'-CCTCCTCCTGGTCCTCCAGAATCT -3") (20 pmol), 0.25 pl of
RT-enzyme, 5.25 pl of water, and 5 pl of extracted RNA. PCR tubes
were placed in a Biometra™ thermal cycler. Reverse transcription
was applied at 50°C for 30 min, and a primary denaturation was
done at 95°C for 5 minutes, followed by 35 cycles of 94°C for 30
seconds, 55°C for 40 seconds, and 72°C for 40 seconds. A final
extension was done at 72°C for 10 minutes.

Analysis of the PCR Products

The PCR products were separated by electrophoresis on 1.5%
agarose gel (Applichem, Germany, GmbH) in 1x TBE buffer at
room temperature using gradients of 5V/cm. For gel analysis, 15
ul of the products were loaded in each gel slot. A general 100 bp
ladder (Fermentas, Germany) was used to determine the frag-
ment sizes.

Sequencing and phylogenetic analysis

The purified PCR products of two representative positive
samples were sequenced directly using the ABI PRISM Big Dye
Terminators v3.1 Cycle Sequencing Kit (Applied Biosystems, Fos-
ter City, CA, USA). The products of the sequencing reactions were
cleaned-up using a Centrisep purification kit (Applied Bio-sys-
tem, CA-USA). The purified products were sequenced directly
using an ABI PRISM3500 genetic analyzer (Applied Biosystems).

BLAST® analysis (Basic Local Alignment Search Tool) (Alt-
schul et al,, 1990) was initially performed to establish sequence
identity to GenBank accessions. The phylogenetic tree was creat-
ed by the MegAlign module of Lasergene DNAstar version 12.1
(Thompson et al, 1994), and Phylogenetic analyses were done
using maximum likelihood, neighbor-joining, and maximum par-
simony in MEGAG6 (Tamura et al., 2013).

RESULTS
Detection of PPRV antibody detection

Out of three hundred and fifty-six total collected samples, one
hundred and fifty-two samples were positive for the presence of

the PPRV antibodies (152/356) with a percentage of 42.96%. Re-
garding the age, the positive detected animals (152/356) were

48 animal (48/102) less than 6 month old, whereas 104 animal
(104/254) were between 2-3 years old, with percentage of 47.05%,
and 40.94% respectively. Also, regarding the sex; the positive
animals (152/356) were 51/145 males, and 101/211 females with
percentage of 35.17%, and 47.86% respectively (Table 1).

Detection of PPRV antigen detection

Out of 154 nasal swab samples, 142 samples were positive
(92.20%). The positive samples percentage was greater in young
animals with less than 6m of age (43/44, 97.72%) than adult an-
imals aged between 2-3 years (99/110, 90%). Furthermore, fe-
males (87/91, 95.60%) had a higher incidence rate than males
(55/63, 87.30%).

In terms of the case-fatality rate, the proportion was 93.66%.
The case-fatality rate was found in animals younger than 6m old
animals 100%, and 90.90% for adults aged 2-3 years. Male and
female goats had death rates of 92.72% and 94.25%, respectively
(Table 2).

Molecular detection of PPRV

The NP gene was successfully amplified in all 10 tested sam-
ples; all samples were found positive to have a specific molecular
weight band at 351 bp.

Sequencing and phylogenetic analysis

Partial nucleotide sequence of the PPRV-NP gene for 2 repre-
sentative tested samples named PPR/AHRI-Matrouh1/Egy/2022,
and PPR/AHRI-Matrouh2/Egy/2022; has been submitted to the
Genbank with accession numbers OP881991 and OP881992 re-
spectively. Based on the phylogenetic analysis, the two samples
were identified as PPRVs. According to the sequencing data anal-
ysis, the strains of the current study were 99.2% closely relat-
ed to the Ethiopian strain (Accession number MK571524, 2011).
Furthermore, our strains have 98.8% and 98.4% similarity to the
reference strains from Sudan (Accession no HQ131931, 2016 and
MK371449, 2015) respectively.

Comparing our strains with the Egyptian strains from the
GeneBank, our strains exhibited 99.2% identity to other strains
from Ismailia (Accession number: JN202923, 2010, JN202924,
2010 and JN202926, 2014) and 98.8% identity with strains from

Table 1. The Seroprevalence of PPRV antibodies in non-vaccinated goat flocks in Marsa-Matroh governorate, Egypt.

Risk factors

No. of samples

Seroprevalence rate

No of positive %

A Young (<6 months) 102 48 47.05
e
£ Adult (2-3 years) 254 104 40.94
Male 145 51 35.17
Sex
Female 211 101 47.86
Total 356 152 42.69

Table 2. The incidence rate and case-fatality rate of PPRV antigen infection in the goat samples collected from Marsa- Matroh governorate according to age and Sex.

Incidence rate Case-fatality rate

Risk factors No. of samples

No of positive

% No of positive %

A Young (<6 months) 44 43 97.72 43 100
e
£ Adult (2-3 years) 110 99 90 90 90.9
Male 63 55 87.3 51 92.72
Sex
Female 91 87 95.6 82 94.25
Total 154 142 92.2 133 93.66
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Fig. 1. The phylogenetic tree created using MEGA 7 software with the maximum likelihood method. The confidence level of the neighbor-joining tree was evaluated
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Fig. 2. The prevalence rate of PPRV in the Egyptian governorates from 2012 to 2020.
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Ismailia 2012; Giza 2015 and Port Said 2015 with accession num-
bers JX312807, KX189064 and MW367450, respectively (Figure
1 and Table 3).

DISCUSSION

PPRV is a transboundary notifiable, highly contagious viral
animal disease of small ruminants able to raise serious health and
economical concerns worldwide (Boyazoglu et al., 2005, Cam et
al., 2005, Cétre-Sossah et al.,, 2016; Mulumba-Mfumu et al., 2021).
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We aimed first to assess the prevalence of PPRV in Egypt from
2012 to 2020 retrospectively, then identify the seroprevalences
in goat farms in Marsa-Matroh province during an outbreak in
2022, as the most prevelant Egyptian province in PPRV. More-
over, to study the relevant risk factors associated with disease
epidemiology, then characterize the circulating viral strain on the
molecular level.

Exhaustive data on the PPR outbreaks covering nine years
(2012-2020) were selected for retrospective analysis of PPRV situ-
ation in Egypt. This data was collected from the WAHIS interface,
WOAH, no data was available for the 2021 year.
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The study showed the distribution of PPRV outbreaks in
sheep and goats in almost Egyptian governorates, mainly in Is-
mailia, Giza, and Marsa- Matroh, from 2012 to 2020 (Figure 2).
The reasons for the spread of PPRV outbreaks in nearly all Egyp-
tian governorates could include transboundary unorganized\un-
official movement of infected and susceptible animals, the pres-
ence of suitable climatic conditions (warm and humid) that favor
disease epidemiology, a lack or defect in vaccination programs,
lack of awareness of PPR in farmers’ backyards, and limited fund-
ing for disease eradication and control in developing or under-
developed countries (Parvez et al., 2014, Mahamat et al, 2018;
Ahaduzzaman, 2020).

The analyzed data from 2012 to 2020 on Egyptian PPR out-
breaks revealed that the prevalence of PPR disease was the
highest from Jul-Dec in 2018 (55.5%), while the prevalence was
unrecorded from Jan-Jun 2019 (Figure 3).The prevalence of PPR
outbreaks was significantly distributed on the Jul-Dec semester
of the year during the period of study; this is due to the PPR
disease being more distributed in the warm and humid seasons
(Aguilar et al, 2018; Ahaduzzaman, 2020; Gao et al, 2021; Ak-
wongo et al., 2022).

The obtained data classified Marsa-Matroh as one of the
governorates with the most significant PPRV outbreaks through-
out the research period (Figure 4), which might be owing to its
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hot and humid environment virtually all year, which is consid-
ered a suitable environment for PPRV spread and replication.
Furthermore, the variation in the incidence of PPRV outbreaks in
Marsa-Matroh throughout the study might be attributed to the
random movement of infected animals, the importation of sick
animals, and a lack of vaccination during this period (Gao et al.,
2021; Akwongo et al., 2022).

We selected Marsa-Matroh province to conduct the cross-sec-
tional study due to the highest prevalence of PPRV as described
previously in our retrospective investigation.

In this study, antibodies were detected against PPRV using
competitive ELISA, which revealed that 42.69% of collected sera
samples were positive for the presence of the antibodies. These
results came in line with the previous studies reported in differ-
ent countries as Ethiopia (68.18%) and Nigeria (55%) (Dahiru et
al, 2013; Dubie et al., 2022). On the contrary, the current study’s
seroprevalence is more significant when compared to seroprev-
alence in other countries such as Turkey (22.4%) and Tanzania
(21.1%) (Balamurugan et al,, 2011; Ozkul et al,, 2002).

The assessment of risk variables is critical for successful PPRV
control and mitigation strategies. Our research focused on age
and gender, starting with the age factor, the seroprevalence is
higher in goats under the age of six months (47.05%) than in
adults (2-3 years) (40.94%). These outcomes agreed with the re-
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Fig. 3. The PPRV outbreaks from 2012 to 2020 in Egypt concerning the semesters of the year.
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Fig. 4. The PPRV outbreaks in Marsa- Matroh governorate from 2012 to 2020.
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Table 3. The percentage of nucleotide sequence identity between the PPRV strains of the current study (PPR/AHRI-Matrouh1/Egy/2022 and PPR/AHRI-Matrouh2/
Egy/2022) and reference PPRV strains from the Genbank based on the partial nucleotide sequences of the NP gene

Percent |dentity
1 [2[3]a]s[e |7 [8][9e [10]1 [12[13]14]15 16 [17 [ |19 ]20 21 |22 23 242526 27 [
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2 | oo [N 976992 |88 (092 002058 |88.8 (871|863 [88.806.0 932 [08.4 (072 088 [87.6 [80.6 |08 (076|092 (044|088 (843 (880803 2 | OPB81992 PPRUAHRI-MalOUNZEDyI2022
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5 |12 122012 | 988 |98.8 | 96.4 |88.4 | 86.7 [850 [86.4 (95,6 [92.6 |98.0 [958 |984 |87.1|89.2 (984 [97.2 (988|940 (08,4 |39 [87.1 (799 5 |  JX312807 PPRASMallla2Eqy2012
6 [08[08 250812 IM100.0/958 (836 67.1 863 8889600932984 (072985 [87.689.6 988 [97.6 /992 944 (988 (643 [876[811] 6 | JN202924 PPRASMaaEG2010
7 (080825081200 958 [80.8 | 7.1 863 868 [950 932 [98.4 972 (988 [87.6 806 088 (976 (992 [044 088 (a3 876 (811 7 |  IN202026 PPRASmailiEgyi2014
8 [33[33]33 33|38 (33|33 [Mer1ess5 847 871 944 016 [96.0 (572 954 [859 880964 [952 068 922 |95.4 (835 (850 (799 8 | KYa@5100 PPRIS1SAIGenar015
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sults of several earlier studies, which determined that the disease
is more common in young goats than adults due to poor nu-
trition and poor immunity as predisposing factors for the dis-
ease (Sarker and Islam, 2011; Rahman et al., 2011; Islam et al,,
2012; Ahaduzzaman, 2020) However, our results contradicted
with some former studies, in which the authors indicated that the
prevalence increased with age and claimed this to the maternal
antibodies (Abubakar et al., 2009; Saeed et al., 2018).

Referring to Sex, females have a more significant disease in-
cidence than males. According to our data, seropositivity is 47.86
% in female goats and 35.17% in male goats. These results sup-
port the findings of Shuaib (2011); Abdalla et al. (2012); Saeed
et al. (2018); Ahaduzzaman, (2020) and Akwongo et al. (2022).
The higher prevalence in females than males may be attributed
to the physiological differences resulting from production and
reproduction stress, which makes females more vulnerable to in-
fection. In contrast, most males are castrated for meat production
(Dubie et al., 2022). Besides, females are maintained for extended
periods for reproduction, increasing the likelihood of infection
(Acharya et al,, 2018). On the other hand, our findings did not
correlate with a prior study that demonstrated that male goats
have higher seroprevalence than females due to the genetic vari-
ation of the animals (Sarker and Islam, 2011; Parvez, 2014).

We also detected the PPRV antigen using ELISA in the collect-
ed nasal swab samples, which is considered the premier choice
for PPRV antigen detection (Halecker et al., 2020). The current
study analysis indicated 92.2% positive cases. These results did
not match the results of the previous research, in which the
authors reported a low antigen detection percentage reached
27.53% and 44.2% (Saritha et al., 2015; Ahmed et al., 2021).

According to our findings, goats of young age, less than
six months, have a greater incidence rate of antigen detection
(97.72%) than adults (90%), and females have a higher positive
rate (95.60%) than males (87.30%). Overall, the antigen detection
results corroborate the seroprevalence findings.

By molecular diagnosis, all tested samples were positive for
PPRV, the same assay was used previously in different studies, in
which the authors concluded that using NP gene-based PCR is
more sensitive in the molecular diagnosis of PPRV (Kumar et al.,
2014).

PPRVs are divided into four genetically distinct lineages (I, II,
Il, and V) (Kerur et al.,, 2008), The PPRV NP gene sequence anal-
ysis is best suited for the phylogenetic differentiation of these vi-
ruses and gives a comprehensive perspective of PPRV molecular
epidemiology (Munir et al, 2012). The phylogenetic analysis in
the current study identified our strains as PPRV linage IV, which
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grouped with the previous Egyptian strains in one cluster that in-
cluded PPRV reported in Ethiopia (2011) and Sudan (2016). These
findings followed prior research in which the authors claimed
that the circulating Egyptian strains belonged to the Ethiopian
strain of lineage IV (El Ashmawy et al., 2018). The transportation
of live animals from Ethiopia and Sudan to Egypt is thought to
have contributed to the spread of this virus throughout North
and East Africa. This is corroborated by the strong relationship
between the PPRV IV lineage in Egypt and North Africa and the
PPRV lineage first discovered in Sudan and Ethiopia (Hekal et al,
2019; Ahmed et al., 2021).

CONCLUSION

According to the findings of this study, the current circulating
strain in most recent outbreak is PPRV lineage IV which is geneti-
cally closely related to Ethiopia and Sudan strains. These findings
highlight the significance of animal movement regulations. PPRV
monitoring programs are required to continous monitoring the
circulating strains in Egypt, and a vaccination plan should be de-
veloped in Egyptian endemic regions.
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